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Abstract 
Monoclonal antibody '4D4' was generated against agel-purified 43-50 kDa fraction of rabbit erythrocyte (RBC) ghosts. Immunoblots 
of rabbit RBCs, skeletal muscle, and kidney, and of a rabbit cortical collecting duct cell line (RC.SV3) yielded broad bands of 30-70 kDa 
that migrated at ~ 31 kDa after deglycosylation. I  kidney sections, 4D4 labeled the basal plasma membranes of the proximal tubule, 
medullary thick ascending limb of Henle, cortical, medullary, and papillary collecting ducts, and papillary surface pithelium, as well as 
the lateral membranes of a and /3-type intercalated cells. Antibody 4D4 was used to clone a full-length kidney cDNA, which predicted a
31 kDa immunoglobulin-like glycoprotein with high homology to mouse 'gp42' or 'basigin', human 'M6' or 'EMMPRIN', rat 'OX-47' 
or 'CE-9', and avian 'neurothelin', 'HT7', or '5Al l ' .  When beterologously expressed in HeLa cells, glycosylated immunoreactive 
protein was expressed at the plasma membrane. In the case of the endogenous protein in RC.SV3 cells, interferon-3, and A23187 
decreased, and fetal calf serum increased, steady-state mRNA levels. Thus, this molecule xhibits a high degree of cell type-specific 
expression i  the kidney and undergoes regulation by cytokines and serum in kidney epithelial cells. 
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1. Introduction 
Many, but not all, members of the immunoglobulin 
superfamily (IGSF) can be functionally grouped. The im- 
munoglobulins and major histocompatibility complex 
(MHC) proteins clearly have immune function. 
A second functionally-defined group includes: (1) pro- 
teoglycan-associated proteins, such as heparan sulfate pro- 
teoglycan; (2) morphogenic factors that facilitate surface 
interactions between cells, such as neural cell adhesion 
molecule (N-CAM); (3) receptors for kinase growth fac- 
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tors, e.g., platelet-derived growth factor receptor; (4) dif- 
ferentiation factors, e.g., the T-cell CD3 receptor; and (5) 
antibody-binding proteins, such as the immunoglobulin Fc 
receptor [1,2]. 
Despite substantial experimental effort, however, the 
exact physiological role of some members of the IGSF 
remains relatively poorly understood [2]. This situation 
applies to a member of the IGSF that has been variously 
called 'basigin' or 'gp42' in the mouse [3-8], 'M6'  or 
'EMMPRIN'  in the human [9,10], 'OX-47' or 'CE-9' in 
the rat [11,12], and 'HT7',  'neurothelin', or 'SA11' in the 
avian system [13-21]. Although this molecule has been 
postulated to be a cell adhesion or signaling molecule, no 
homo- or hetero-typic binding partner has been identified. 
Moreover, some of the proposed functions (e.g., activation 
of collagenases in fibroblasts [10]) appear to be inconsis- 
tent with the known tissue distribution (e.g., the surface of 
mature erythrocytes). 
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As a part of studies aimed at characterizing the rabbit 
erythrocyte lactate transporter [22], we generated mono- 
clonal antibodies against RBC membrane proteins in the 
size range 43-50 kDa. One antibody (4D4) labeled a 
protein that, upon further study, appears to be the rabbit 
equivalent of gp42/bas ig in /OX-47/neurothe l in /  
HT7/5AI  1. Here we extend the description of the expres- 
sion pattern of this protein along the nephron. We also 
report its regulation by serum and cytokines in an estab- 
lished rabbit renal cortical collecting duct cell line. 
2. Materials and methods 
Monoclonal antibody 4D4. Solubilized protein from 
alkali-stripped rabbit erythrocyte ghosts was fractionated 
on a Sepharose 6B gel filtration column in 0.1% SDS. The 
fraction enriched in 43-50 kDa proteins was further puri- 
fied by preparative SDS polyacrylamide gel electrophore- 
sis (SDS-PAGE) (6-15%). A 5-mm width band at 41-48 
kDa was excised, Balb-c mice were immunized and 
boosted with 100 /zg per mouse, and fusions were per- 
formed by the Kohler-Milstein approach [23]. 
Immunoblotting and N-glycanase treatment. New 
Zealand white rabbits were anesthetized with a mixture of 
ketamine, xylazine, and acetylpromazine and systemically 
heparinized by ear vein injection. In experiments involving 
only renal tissue, the kidneys were excised, cannulated, 
perfused blood-free with phosphate-buffered saline (PBS), 
and then perfused with a homogenization buffer (HB) 
consisting of 250 mM sucrose, 1 mM EDTA, 5 mM Tris, 
0.5 mM benzamidine HC1, 0.1 mM 1,10 phenanthroline, 
0.5 mg/ml leupeptin, 0.7 mg/ml pepstatin A, and 0.1 mM 
PMSF. In experiments in which multiple organs were 
studied, the inferior vena cava was nicked, the apex of the 
heart was quickly amputated, a cannula was inserted into 
the left ventricular cavity and ligated into place, and the 
whole animal was perfused blood-free through the left 
ventricle, with drainage out the open vena cava, using PBS 
at 4°C under gravity pressure. When the liver was pale 
(1-2 min), the PBS perfusate was substituted by HB 
totalling 500 ml per rabbit. After perfusion with HB was 
complete, samples of liver, heart, and hindlimb muscle 
were frozen in HB. Kidneys were cut into coronal sections 
and the cortex, outer medulla, and inner medulla/papilla 
were separated and frozen in HB. 
The tissues were thawed and homogenized in HB using 
6-7 strokes of a P0tter-Elvejehm homogenizer. For some 
experiments, membrane and cytosolic fractions were pre- 
pared by differential centrifugation [24]. In other studies, 
some cell lysates were incubated with N-glycanase 
(Genzyme, Boston, MA) 0.3 units/20 /zg protein for 18 h 
at 37°C prior to electrophoresis. Samples were loaded at 
100-150 /xg protein per lane on 6-18% gradient poly- 
acrylamide gels, electrophoretically transferred to nitro- 
cellulose membranes, blocked in PBS-Tween, and 
immunoblotted with 4D4 [25]. All primary and secondary 
antibody solutions were diluted in PBS plus 0.05% Tween 
20. The secondary antibody was a peroxidase-linked IgG, 
and bands were visualized with 4-chloro-l-naphthol. 
Immunocytochemistry. Rabbits were anesthetized as 
above, heparinized, and sacrificed by decapitation. The 
kidneys were quickly excised, cannulated, flushed with 
chilled PBS, and infused with 50 ml fixative (6% HgCI 2, 
1.25% Na acetate, and 3.7% formalin). Coronal slices were 
cut, and these were incubated further in fixative at 4°C for 
2 h. Slices were subsequently transferred to 2 M sucrose at 
4°C overnight and were frozen in OCT mounting medium. 
Frozen sections ~ 3 /xm thick were blocked in 1% albu- 
min, 0.2% gelatin, 0.1% Triton X-100 in phosphate- 
buffered saline. Aldehyde fluorescence was quenched with 
Na borohydride. Straight 4D4 supernatant was applied 
overnight at 4°C. Another block of 1% goat serum was 
applied, and then goat anti-mouse secondary antibody was 
applied at 1:50-1:100 in PBS. In the case of light level 
microscopy, the secondary antibody was coupled to FITC, 
and the secondary antibody solution contained 75 /zg/ml 
rhodamine-conjugated peanut agglutinin. These sections 
were mounted in an anti-fade glycerin-based mounting 
medium and visualized by epifluorescence and/or differ- 
ential interference contrast microscopy (DIC) on a Zeiss 
Axiomat. 
In the case of ultrastructural immunocytochemistry, he 
secondary antibody was a goat anti-mouse IgG coupled to 
horseradish peroxidase, applied at 1:100 dilution. After 
washing, a diaminobenzidine hydrogen peroxide reaction 
product was developed until brown. The sections were 
then post-fixed in 0.05% glutaraldehyde, immunoreactive 
areas were identified under low power light microscopy, 
and the areas were marked by scoring. The slides were 
dehydrated in alcohols, and the sections embedded in Epon 
using an inverted Beem capsule for subsequent transmis- 
sion electron microscopy. 
cDNA library construction, screening, and cDNA se- 
quencing. A directional cDNA library was generated from 
whole rabbit kidney poly (A + ) RNA in the vector 
AZAPII/pBluescript II(SK). Duplicate immunoscreening 
was performed, restriction fragments of the longest recom- 
binant (plasmid L6) were subcloned into the vector pGEM, 
and both strands were sequenced using dideoxy termina- 
tion and Sequenase ® [26]. Data were assembled and ana- 
lyzed by MacVector ® software. 
Protein sequencing. To obtain amino acid sequence of 
the protein recognized by antibody 4D4, solubilized ery- 
throcyte membranes were immunoprecipitated with immo- 
bilized antibody 4D4, and 15 /xg of immunoprecipitated 
protein was subjected to two separate rounds of Edman 
degradation of 12 cycles each. 
RNA preparation and Northern blot analysis. Total 
RNA was isolated from rabbit kidney cortex by freezing 
tissue in liquid nitrogen, pulverizing in a liquid nitrogen 
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mortar and pestle, and extracting RNA by the acid guani- 
dinium phenol method [27]. For cultured cells, medium 
was removed, cells were washed 3 times with saline, and 
then RNA was extracted. For Northern blot analysis 10-20 
/xg total RNA was separated by glyoxal denaturing el 
electrophoresis and transferred to nylon. A PstI-PstI 
fragment of clone L6 from the coding region was sub- 
cloned into pGEM; directionality was determined by 
dideoxy sequencing. Digoxigenin-labeled antisense ribo- 
probes ~ 300 bp in length were generated with T7 RNA 
polymerase. Blots were washed at increasing stringency 
(final: 65°C, 0.5 X SSC twice) and visualized using either 
horseradish peroxidase- or alkaline phosphatase-based 
chemiluminescence. As a control for loading of RNA, 
membranes were stripped and re-probed with a digoxi- 
genin-labeled partial-leng4a r t 18S ribosomal RNA ribo- 
probe. Densities of L6 and 18S bands were determined by 
scanning densitometry, and the results expressed as the 
ratio of densities. 
Transient expression. The full-length clone L6 insert 
was subcloned into pBluescript II (KS) to place the coding 
strand under control of the T7 promoter. Hela cells at 80% 
confluence in 6-well plates were infected with recombinant 
vaccinia vTF7-3 [28] and transfected with plasmid L6 
using Lipofectin * as described [29]. At various times after 
transfection, HeLa cells were lysed in HB, an aliquot of 
the lysate was treated with N-glycanase, and the samples 
were electrophoresed as above and immunoblotted with 
4D4. Expression was also determined by pre-embedding 
immunocytochemistry of transfected, permeabilized Hela 
ceils using 4D4 and horseradish peroxidase-coupled sec- 
ondary antibody. 
Cell culture. Transformed rabbit cortical collecting duct 
(CCD) cell lines were obtained as previously described 
[30]. For most experiments RC.SV3 was used, representing 
CCD cells transformed with wild-type SV40 virus. For 
some experiments, an additional cell line, RC.SVtsA58 
was used, CCD cells transformed with a temperature-sensi- 
tive SV40 [30]. The cells were grown on plastic at either 
33°C (RC.SVtsA58) or 37°C in hormonally-defined 
medium consisting of DME:HAMs F12 (1:1 vol/vol), 
transferrin 5 /zg/ml, sodium selenate 30 nM, glutamine 2
mM, dexamethasone 5 X 10 -8 M, insulin 5/xg/ml, Hepes 
20 mM, pH 7.4. 
Statistics. Means were compared by Student's t-test. A 
P-value of < 0.05 was considered statistically significant. 
3. Results 
Monoclonal antibody 4D4, generated against a gel- 
purified 43-50 kDa fraction of rabbit erythrocyte (RBC) 
ghosts, was used to immunoblot blood-free kidney, skele- 
tal muscle, heart, and liver from the rabbit. As shown in 
Fig. l a, 4D4 recognized several broad, immunoreactive 
bands of 30-70 kDa in all of these organs. The immuno- 
reactivity in liver was faint. Because it was difficult to 
perfuse the liver free of erythrocytes, and because the 
immunoreactive band in the liver co-migrated with the 
erythrocyte band (lane 7), it is possible that the weak liver 
signal represents erythrocyte contamination. In addition, 
there were sharper immunoreactive bands of ~ 80 kDa 
recognized in kidney outer medulla, inner medulla/papilla, 
and heart. Cell fractionation studies revealed that the im- 
munoreactivity was in the membrane, but not cytosolic, 
fraction in rabbit kidney and heart (data not shown), 
Fig. lb shows selective immunoblots following treat- 
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Fig. l. a: Immunoblot of erytl~rocyte-free rabbit organs using 4D4 (75 p,g protein per lane). Lanes: kidney outer medulla (1), inner medulla/papilla (2), 
and cortex (3); hindlimb skelet=d muscle (4); heart (5); liver (6); and erythrocytes (7). b: Immunoblotting with 4D4 before and after N-glycanase treatment. 
Control: lanes 1, 3, 5, 7; N-glycanase: lanes 2, 4, 6, 8. Rabbit erythrocytes (1,2); RC.SVtsA58 cells (3,4); RC.SV3 cells (5,6); rabbit kidney cortex (7,8). 
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Fig. 2. Immunocytochemical localization in normal rabbit kidney, a: Low-power view of cortex labeled with 4D4 (FITC secondary antibody). Background 
fluorescence is indicated by negative blood vessel (asterisk). 4D4 labels basolateral membranes of proximal tubules (arrow) and cortical collecting duct 
(CCD). Labeling is particularly prominent along the lateral membranes of lectin-positive intercalated cells of the CCD (arrowhead). b: Same section as in 
(a) above but labeled with TRITC peanut agglutinin, c: High power view of cortex labeled with 4D4. d: Same section as (c) above viewed by Nomarski 
optics. Three of the tubules have brush borders (arrowheads) and also exhibit basal abeling with 4D4 (c). The tubule at upper left had neither brush border 
nor 4D4 staining, e: Outer stripe of outer medulla, labeled with 4D4. Intercalated cells are labeled at the basolateral membranes (arrowhead). The labeled 
cells were phase-dense (not shown), f: Outer stripe of outer medulla, labeled with antibody E11 to the bovine vacuolar H + ATPase. Antibody E11 labels 
intercalated cells in this segment [32]. The labeled cells were phase-dense (not shown), g: Outer stripe of outer medulla labeled with 4D4. Trapped 
erythrocytes are seen at upper right (arrowhead). Medullary thick ascending limb shows homogeneous staining at the basolateral membrane (arrow). A 
medullary collecting duct showing 4D4-positive intercalated cells is visible at lower left. h: Outer half of inner medulla labeled with 4I)4. Staining extends 
well up the lateral membranes (arrowhead). i: Papillary surface epithelium, fluorescence with 4D4. Prominent lateral, and some basal, labeling is seen 
(arrow). k: Pre-embedding ultrastructural immunocytochemistry of 41)4 labeling of the papillary surface epithelium. Most of the peroxidase reaction 
product is present at the lateral membranes. 
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of mobility in rabbit kidney cortex from a broad immuno- 
reactive band at 50-60 kDa to a sharp doublet at ~ 30 and 
~ 31 kDa. The reason for the doublet is unclear. This 
figure also shows immunoblotting results on two trans- 
formed rabbit cortical collecting duct cell lines. As with 
rabbit erythrocytes, deglycosylation of lysates from these 
cells resulted in a shift of mobility from broad bands at 
~ 40-60 kDa to a sharp band at 31 kDa (Fig. lb, lanes 4 
and 6). Thus, the 4D4 antigen is expressed in the CCD cell 
lines. In erythrocytes, CCD cell lines, and kidney cortex, 
the core protein is ~ 31 kDa. 
Fig. 2 depicts results of immunocytochemical localiza- 
tion in normal rabbit kidney. Immunoreactivity was re- 
stricted to the basal and lateral membranes of the proximal 
tubule, medullary thick ascending limb of Henle (mTALH), 
collecting duct, and papillary surface epithelium. In the 
collecting duct, the pattern of immunoreactivity was partic- 
ularly interesting. Although there was basal labeling along 
the entire length of the collecting duct, in the CCD label- 
ing at the lateral membranes was seen only in intercalated 
cells (peanut lectin-positiw9 [31] (Fig. 2a,b). In the outer 
stripe of outer medulla, labeling was seen only in interca- 
lated cells (H+ATPase-positive cells) [32] (Fig. 2e,f). 
Overall, in the collecting ,duct the labeling intensity was 
strongest at the lateral membranes of the medullary collect- 
ing duct (outer half of inner medulla, Fig. 2h) and in the 
papillary surface pithelium (Fig. 2i,k). 
We made a directional rabbit kidney cDNA library from 
whole-kidney poly-(A + ) RNA in the expression vector 
AZaplI-pBluescript. Upon immuno-screening with 4D4, 
eleven immunologically-positive, cross-hybridizing clones 
were obtained. Clone 'L6' with the largest cDNA insert 
(~  1.25 kb) was selected for further study. Northern blot 
analysis of total RNA from rabbit kidney using an anti- 
sense riboprobe from clone L6 indicated a single message 
of ~ 1.3 kb (not shown), indicating that clone L6 was 
likely full-length. 
Sequencing of clone L6 (Fig. 3) revealed an ATG in 
favorable consensus for translation i itiation [33] followed 
by an open reading frame of 810 nucleotides and a 3' 
untranslated region of 358 nucleotides. The predicted 31 
kDa is a type I glycoprote.in (Nout, Cin) that begins with a 
hydrophobic stretch of 21 amino acids representing a 
predicted cleavable leader sequence. This is followed by 4 
consensus ites for N-linked glycosylation i the N-termi- 
nal region, a single transmembrane domain, and a stop- 
transfer sequence. The predicted cytoplasmic domain con- 
tains phosphorylation consensus sites for protein kinases C 
($252) and A ($270). 
Antibody 4D4 was used to immunoprecipitate 15 /xg of 
its ligand protein from solubilized erythrocytes, which was 
then subjected to two separate rounds of Edman degrada- 
tion of 12 cycles each. Starting with the first residue after 
the predicted leader (position no. 1), the deduced amino 
acid sequence from kidney cDNA clone L6 matches the 
N-terminal amino acid sequence obtained on the immuno- 
(-77) G A A ~  . 
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Fig. 3. cDNA and deduced amino acid sequence of kidney clone L6. The 
leader sequence b gins with the first methionine and extends 21 amino 
acids (continuous single underline). Discontinuous single underline: amino 
acids that were also determined separately in the mature rythrocyte 
protein. Continuous double underline: putative membrane-spanning do- 
main. * Consensus sites for asparagine-linked glycosylation. 
precipitated erythrocyte protein (single underlined amino 
acids, Fig. 3). 
Database search revealed high homology between the 
rabbit kidney protein and widely-expressed and conserved 
members of the IGSF variously called 'gp42' or 'basigin' 
in the mouse (55.9% identity) [3], 'OX47' or 'CE-9' in the 
rat (58.9% identity) [11,12], 'M6' or 'EMMPRIN' in the 
human (63.3% identity) [9,10], and 'neurothelin', 'HT7', 
or '5A11' in the avian system (45.2% identity) [13,15,20]. 
Residues and/or regions exhibiting tight conservation 
across all species include: four cysteines, which probably 
form disulfide bonds (C41, C87, C126, and C185 in the 
present protein); a hydrophobic membrane domain (rabbit 
residues 207-228) containing a single conserved glutamate 
in the middle (rabbit E218); a charged stop-transfer region 
following the membrane domain (rabbit residues 229-235); 
and a charged carboxyl terminus (rabbit residues 260-268). 
Clone L6 was transiently expressed in HeLa cells using 
vaccinia vTF7-3 [28]. Immunoblotting showed that expres- 
sion was maximal around 18-21 h. Glycosylation i  this 
system resulting in strong immunoreactive bands at ~ 47 
18 V.L. Schuster et aL / Biochimica et Biophysica Acta 1311 (1996) 13-19 
kDa, whereas the core protein (after deglycosylation) mi- 
grated at 31 kDa (not shown). Pre-embedding immuno- 
cytochemistry on permeabilized HeLa cells [34] showed 
that expression was restricted to the plasma membrane (not 
shown), a result similar to that previously found using 
COS cell expression of the chicken homologue HT7 [14]. 
We examined the in vitro regulation of this protein, 
expressed endogenously in the RC.SV3 rabbit CCD cell 
line, by cytokines, serum, and changes in cytosolic cal- 
cium. Fig. 4a shows a Northern blot analysis in which 
expression was increased in a dose-dependent fashion by 
fetal calf serum. Although steady-state levels of mRNA for 
the rabbit protein in RC.SV3 cells grown in conditioned 
media were not increased by cytokines (data not shown), 
in the presence of 5% serum the expression of mRNA was 
decreased by interferon-y and by A23187 (Fig. 4b). 
4. Discussion 
a 
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Fig. 4. Northern blot analysis of L6 expression in RC.SV3 cells, a: L6 
mRNA (15 /xg total RNA per lane) induced by fetal calf serum at 0.5% 
(lane 1), 1.0% (lane 2), 5% (lane 3), or 10% (lane 4). b: 18S ribosomal 
RNA for 'a'. c: Suppression f L6 mRNA expression in RC.SV3 cells 
grown in 5% fetal calf serum by 100 U/ml interferon-y or 2 /zM 
A23187. L6 mRNA was probed by Northern blot and normalized to18S 
ribosomal RNA by densitometry (n = 3). * P < 0.05 compared to zero. 
A full-length cDNA encoding the rabbit homologue of 
mouse gp42/basigin, rat OX-47/CE-9, and avian neu- 
rothelin/HT7/5A11 has been cloned from rabbit kidney. 
Although the organ distribution and glycosylation patterns 
are similar to those previously reported for the rat homo- 
logue [11], the present study significantly extends the renal 
localization of this protein, and reveals that it is regulated 
by interferon-% A23187, and fetal calf serum in a rabbit 
collecting duct cell line. Expression in such an in vitro 
model system may be useful for further defining the 
regulatory influences on, and the (presumed) binding part- 
ner(s) for, this protein. 
As an IGSF protein, this protein is unusual in that it is 
strongly expressed in the normal kidney. The only other 
example of strong constitutive r nal expression of an IGSF 
protein appears to be that of the Thy-1 antigen, which is 
normally expressed on proximal tubule cells [35]. In con- 
trast, MHC class II molecules, vascular cell adhesion 
molecule (VCAM), and intercellular adhesion molecule-1 
(ICAM-I) are strongly expressed in the kidney only during 
inflammation or following induction by pro-inflammatory 
cytokines such as interferon-y (IFN-y). In this setting, 
these molecules are thought to play a role in antigen 
presentation by, and cytotoxicity to, tubule epithelial cells 
[36,37]. Despite the observation that human M6 is induced 
on monocytes by granulocyte-macrophage CSF activation 
[9], we found that, in cultured kidney tubule cells, expres- 
sion was down-regulated by the cytokine IFN- T, and was 
not altered by TNF~ (Fig. 4). These results thus appear to 
argue against a direct role in renal inflammation. 
It is nonetheless possible that the gp42/basigin/OX- 
47/neurothel in/HT7/5Al l  molecule may play a role in 
renal disease. The human homologue of this molecule has 
been shown to interact with fibroblasts to stimulate xpres- 
sion of several matrix metalloproteinases in the fibroblasts 
[10]. Renal tubular injury might disrupt he normal epithe- 
lial basolateral membrane architecture and expose the 
gp42/basigin molecule to interstitial fibroblasts, thereby 
stimulating collagenase production and initiating remodel- 
ing of extracellular matrix in the region of injury [38]. 
The initial brief report on the immunocytochemical 
localization of OX-47 in the rat kidney suggested that its 
expression was limited to proximal tubules and to cortical 
and medullary collecting ducts [11]. The present experi- 
ments, using the rabbit kidney, substantially build on these 
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findings. The rabbit is ideal for detailed kidney localization 
studies, since lectin-binding properties and other markers 
permit clear identification of epithelial cell types [31]. 
With these methods, we found that the rabbit protein is 
strongly expressed at the basal membranes of several 
tubule epithelia, including the proximal tubule, the 
mTALH, the entire collecting duct (cortical, medullary, 
and papillary), and the papillary surface pithelium. 
A particularly interesting feature of the present investi- 
gation is the demonstration f very prominent expression 
along the lateral membranes of cortical and medullary 'a '  
and '/3 '-type intercalated cells. These cells are well-known 
to mediate proton and bicarbonate secretion, respectively 
[39]. The expression along the lateral membranes of these 
minority cells, but not of the principal cells (which mediate 
Na ÷ and K ÷ transport), suggests that the protein may play 
a role in sensing or maintaining 'non-identity' between 
adjacent cells of different types. 
We found that the rabbit protein was induced in collect- 
ing duct cells by fetal serum (Fig. 4). Similarly, the 
chicken homologue HT7 is induced by soluble factors(s) 
derived from astrocytes [21], and the rat OX47 protein 
expressed on lymphocytes i  induced by mitogens [11]. It 
is likely that all of these results are consistent with a role 
in development or cell-cell signaling, as has been sug- 
gested by several groups [13,15,20]. 
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